Objectives: To compare plasma levels of antioxidant vitamins in the Czech population with those in a western European population, and to investigate whether plasma levels of antioxidant vitamins in Czech population are related to risk of MI. Design: The study has two parts: a cross-sectional survey and a population based case-control study. Setting: Adult population in two districts of the Czech Republic, and London based civil servants group as the comparison. Subjects: A random sample of men and women aged 25±64 y resident in two districts were selected for the cross-sectional survey. Subjects in the age group 40±49 y were compared to a sample of British civil servants of the same age enrolled in the Whitehall II Study. Men in the Czech sample served as controls to 52 male cases of ®rst non-fatal myocardial infarction (MI) which occurred in the same population. Plasma samples were obtained from venepuncture during an interview in hospital in the population sample and immediately after hospitalization in the MI cases. Main outcome measures: Plasma levels of b-carotene and a-tocopherol, and the event of MI. Identical protocol and one laboratory was used for all analyses. Results: The mean plasma levels of b-carotene and a-tocopherol in healthy Czech men and women were substantially lower than in a subsample of British civil servants examined in the same laboratory. Smoking was strongly related to b-carotene in both populations but differences between Czechs and Brits were present in both smokers and non-smokers. In the case-control study among Czech men, low levels of the vitamins were strongly related to an increases risk of MI. Age-adjusted odds ratios for concentrations below the median were 3.33 (95% con®dence interval 1.43±8.33) for b-carotene and 1.89 (0.94±3.45) for a-tocopherol; further adjustment for a range of variables reduced these estimates only slightly. Conclusions: Plasma concentrations of antioxidants in the Czech population appeared to be very low, and men with low levels of these substances are at increased risk of MI. This indicates that sub-optimal intake of antioxidants or related dietary factors may have played a role in the high rates of coronary heart disease in this population. Sponsorship: This study was supported by grants from the Wellcome Trust, Czech Ministry of Health and the British Heart Foundation. MB was a Wellcome Trust fellow in clinical epidemiology.
Introduction
Mortality in countries of central and eastern Europe (CCEE) is substantially higher than in western Europe (Forster & Jozan, 1990; Bobak & Marmot, 1996) and this excess is largely due to increased incidence of cardiovascular disease (CVD) (Bobak & Marmot, 1996) . Classical coronary risk factors, such as smoking, cholesterol, body mass index and blood pressure, explain only a small part of the international variation in coronary heart disease (CHD) (The World Health Organization MONICA Project, 1994) and it is likely that other factors play a role in the high rates of CHD in CCEE.
Low density lipid oxidation plays an important role in atherogenesis (Witztum, 1994) , and it has been suggested that dietary antioxidants can prevent or slow down this process (Hodis et al, 1995) . Plasma levels and intake of antioxidant vitamins and fruits and vegetables correlate inversely with international data on mortality (Gey et al, 1991; Criqui & Ringel, 1994; Ginter, 1995) and have been suggested, together with intake of saturated fats (Kesteloot, 1992) , to underlie the differences in mortality between populations (Ginter, 1996) . We have studied the antioxidant hypothesis in the Czech Republic which has one of the highest rates of CHD in the world.
Methods
This study has two parts: a cross-sectional survey in a random sample of the population from two Czech districts in comparison to grouped British civil servants, and a casecontrol study of ®rst episodes of non-fatal myocardial infarction (MI).
Cross-sectional survey
The present study was based in two of the six districts participating in the Czech arm of the WHO MONICA Study. An age-strati®ed random sample of men and women aged 25±64 y resident in these districts was drawn from population registers. Of the 400 selected subjects, 143 men and 138 women participated (response rate 70%). The Czech MONICA population, as well as the two districts included in this paper, contain both urban and rural areas; differences in socioeconomic characteristics and risk factors between districts were only minor, and the study population represents well the general population of the Czech Republic (Skodova et al, 1986; Skodova et al, 1997; Bobak, 1996) .
The study was conducted in the autumn of 1992. The participants completed a questionnaire, underwent anthropometric and blood pressure measurement, and provided a venous blood sample. Citrated plasma samples were stored at 780 C until the end of the study, and then analysed for b-carotene and a-tocopherol by high performance liquid chromatography in one batch in the UK. A subset of these men and women aged 40±59 y (to comply with the age range of subjects in the Whitehall II Study) were compared to a sample of British civil servants of the same age (Marmot et al, 1991) which used the same laboratory and identical methods. The response rate in the Whitehall II study was 73% (Armstrong et al, 1997) . As the distributions of vitamins were skewed, we report means and 25th and 75th percentile, and use non-parametric tests of signi®cance.
Case-control study
The case-control study compared 52 cases of male ®rst non-fatal MI with men in the cross-sectional survey (controls). All cases ful®lled the WHO MONICA de®ni-tions or de®nite or probable MI (World Health Organization, 1998) and were recruited in the same two districts between March 1992 and June 1993. All cases and controls were in the age group 25±64 y. In order to avoid bias due to changes in biochemical factors following the MI, only patients admitted to hospital within six hours of onset of symptoms were included. The laboratory was blind to casecontrol status of the samples. Men were classi®ed as above or below median concentration of b-carotene and a-tocopherol in plasma, and odds ratios for having below median levels were estimated by logistic regression. The analysis controlled for potential confounding factors, such as age, smoking, and total cholesterol. The small number of cases does not allow more detailed analysis.
Results

Cross-sectional survey
Mean plasma concentrations of b-carotene and a-tocopherol were substantially lower in healthy Czech men and women than in the Whitehall II population (Table 1) . Adjustment for total cholesterol, both by multivariate regression and by calculating the vitamin-cholesterol ratios, did not change the difference between Czechs and Britains. Spearman correlation coef®cients between b-carotene and a-tocopherol were 0.24 and 0.47 in Czech men and women, respectively, and 0.28 and 0.40 in British man and women, respectively.
Smoking is an important determinant of plasma levels of carotenoids. Prevalence of smoking was substantially higher among Czech men (39%, compared to 12% in UK) but similar among women (23% and 19%). Concentrations of b-carotene were lower in smokers in both centres, but the differences between the two population were present among both smokers and non-smokers ( Figure  1 ). There were no signi®cant differences in a-tocopherol by smoking status.
Case-control study Low plasma concentrations of antioxidant vitamins were associated with higher risk of MI in Czech men (Table 2) ; after adjustment for age and district, odds ratios for being in the upper half of plasma levels of b-carotene and atocopherol were 3.33 (95% con®dence interval 1.43±8.33, P 0.006) and 1.89 (0.94±3.85, P 0.070). Further adjustment for a battery of other variables and both vitamins simultaneously reduced somewhat the odds ratio for atocopherol but not for b-carotene (Table 2 ).
Discussion
Our study showed very low plasma levels of b-carotene and a-tocopherol in a sample of Czech men and women compared to a sample of working British men and women. Furthermore, within the Czech population, men with low concentrations of b-carotene and a-tocopherol had an increased risk of MI.
As the protocol for the Czech study was developed according to the Whitehall II Study, blood sampling, storage and analysis used an identical protocol and laboratory for both populations. This eliminates laboratory bias in the comparison. On the other hand, using the Whitehall II study as comparison group may complicate another aspect of validity of the Czechs and British comparison: the However, this is unlikely. Plasma a-tocopherol levels were, perhaps surprisingly, somewhat higher in the lower civil service grades; difference between the lowest and the highest grades was 0.28 mmol/l (P for trend`0.001) in men and 0.12 mmol/l (P 0.19) in women (Brunner et al, submitted for publication). Plasma levels of a-tocopherol did not show any educational gradient in Czechs (Bobak, 1996) . There was a weak social gradient in b-carotene in the Whitehall population in women but not in men; difference between the extreme grades was 0.001 mmol/l (P b 0.5) in men and 0.045 mmol/l (P 0.006) in women. There was a nonsigni®cant educational variation in the Czech sample (Bobak, 1996) . These socioeconomic differences in plasma concentrations within populations are trivial compared to between-population differences. It seems inconceivable that the Czech-English difference could be due to social class confounding. There may be a geographical selection bias in Whitehall II (predominantly urban population), but the two-fold differences in plasma concentrations between Czechs and British civil servants are far too large to be explained by such bias. The British group was not especially well nourished with regard to antioxidant vitamins, in spite of their relatively high socioeconomic status. More than 50% of the values for plasma a-tocopherol and a-tocopherol/cholesterol ratio in the civil servants (Armstrong et al, 1997) fall below the proposed values of optimal protection against CHD (Gey et al, 1991) .
Possible confounding effects of smoking and cholesterol were addressed by strati®cation and adjustment. Alcohol can also in¯uence plasma levels of carotenoids but its effects are too small (Stryker et al, 1988) to explain the differences between the populations. Moreover, the differences in alcohol consumption between the study populations were inconsistent; while more Czech than British men (45% vs 34%) reported drinking daily, the reverse was true among women (10% vs 20%).
Plasma levels of b-carotene and a-tocopherol at least partly re¯ect their intake in diet (Willett et al, 1983; Stryker et al, 1988; Peng et al, 1995) , and our data suggest particularly low dietary intakes of these vitamins in the Czech population. Although reliable data on antioxidants in the CCEE are sparse, our ®ndings are plausible and consistent with other research. The SENECA study of nutrition in the elderly conducted in several European towns found low plasma concentrations of b-carotene and low dietary intake of vitamin C in Poland and Hungary (EURONUT-SENECA, 1991) . In another study, we found that plasma levels of carotenoids in Czech middle aged men were about half of those in Bavaria and Israel (Bobak et al, submitted for publication). A recent study comparing Swedish and Lithuanian men reported that Lithuanians had signi®cantly lower levels of several carotenoids, as well as lower resistance of low density lipoprotein to oxidation (Kristenson et al, 1997) .
Consumption of fresh vegetables and fruits has probably been low in the CCEE in recent decades (Day & Powles, 1994; Ginter, 1996) . Consumption of citrus fruits, the main source of antioxidants in winter, was reported to be in CCEE one ®fth of that in western countries, and showed marked inverse correlation with CVD mortality in 26 European countries (Ginter, 1995) . Calculations based on household budgets showed very low levels of consumption of fruits and vegetables in Hungary, compared to western or southern Europe (Trichopoulou and Lagiou, eds, 1997). Consumption of fresh fruits and vegetables in the Czech Republic is 3±4 fold lower in winter and spring than in autumn (Dr Ruprich, unpublished); the pronounced seasonality has been also suggested as a possible reason for the high mortality in CCEE (Powles et al, 1996) . Vitamin supplementation was rare in CCEE; in a subsequent study in the same male population in 1995 we found a zero prevalence of supplementation with preparations containing antioxidant vitamins (unpublished).
Among Czech men within our study, levels of antioxidants were inversely related to risk of MI after controlling for cholesterol and smoking. This is consistent with Figure 1 Geometric means of plasma beta-carotene in Czech and British men by smoking status. The following variables were included in the full model: age, district, education, waist±hip ratio, smoking, history of hypertension and diabetes, total cholesterol and both vitamins.
Antioxidants and heart disease in the Czech Republic M Boba Âk et al most observational studies which reported that persons with lower intakes or plasma levels of tocopherol or carotenoids are at increased risk of CVD (Rimm et al, 1993; Stampfer et al, 1993; Kardinaal et al, 1993; Riemersma, 1996; Riemersma et al, 1991; Street et al, 1994; Kushi et al, 1996) . Several mechanisms have been proposed for the protective role of these vitamins, including their in-vitro and in-vivo antioxidant activity (Di Mascio et al, 1991) . It is plausible that habitually low carotenoid intake in a population may contribute to increased initiation, formation and instability of atherosclerotic plaques and consequently to higher rates of cardiovascular events. Alternatively, plasma levels of beta-carotene and alphatocopherol may be seen as markers of consumption of other nutrients with similar food sources, such as other antioxidants (Rice-Evans & Miller, 1995) (¯avonoids (Hertog et al, 1993) , ferulic acid (Graf, 1996) , glutathione (Jones et al, 1992) ), folate (Boushey et al, 1995) or non-starchy ®bres (Rimm et al, 1996) . A bene®cial effect of high dietary consumption of fresh fruits and vegetables, the main source of antioxidants, was repeatedly shown in epidemiological studies (Rimm et al, 1996; Key et al, 1996; Ness & Powles, 1997) . This explanation would also accommodate the results of the recent clinical trials which failed to show any bene®cial effects of beta-carotene supplementation on the occurrence of CVD (The Alpha-Tocopherol, BetaCarotene Cancer Prevention Study Group, 1994; Hennekens et al, 1996; Omenn et al, 1996) .
The effect of antioxidant levels on risk of MI found in this study was stronger than in most other studies. This raises the issue of a potential bias between cases and controls related to the post-infarction changes in plasma antioxidants. Increased production of free radicals during the reperfusion of the myocardium may lead to increased consumption of antioxidant substances and thus to decrease in their levels in plasma. A small study in thrombolysed cases of MI found a 5±10% decrease in a-tocopherol and retinol within the ®rst six hours of MI; the decrease in nonthrombolysed patients is smaller (Young et al, 1993) . Consequently, the post-infarction changes might have ampli®ed the difference between cases and controls in our study. However, the reported post-MI decline in antioxidants is too small to account for much of the observed association with MI.
Conclusions
Our study shows low levels antioxidant vitamins in the Czech population compared to British civil servants, and within a country an inverse association between plasma levels of antioxidant vitamins and risk of MI. Although the ecological and case-control designs urge caution, they both provide empirical support for the hypothesis that low intakes of antioxidant vitamins or their dietary sources may be related to the high mortality from CHD in the Czech population.
